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Executive Summary 
¢ƘŜ tƻǊǘƭŀƴŘ άDǊŜŜƴ [ƻƻǇέ ƛǎ ŀ ǇǊƻǇƻǎŜŘ с-mile linear open space running through the heart of the city, 
connecting existing and new open spaces, parks, gathering areas, and walking and biking pathways. As 
envisioned, the Green Loop concept requires significant infrastructure investments, and would result in 
both short-term and long-term impacts on transportation (for all travel modes), environment and 
economic development. The goal of this project is to characterize, quantify and analyze these costs, 
benefits and impacts, particularly focusing on case studies of similar infrastructure investments in active 
transportation and analyses of property value impacts, economic (input-output) impacts and preliminary 
business/retail activity impacts. Our key findings are as follows: 

 

Case Studies & Interviews  

The research team examined eight case studies in 
North American cities that have or plan to 
undertake significant active transportation 
infrastructure investments. We then conducted in-
depth interviews with planning officials in three 
cities to obtain further insight into their planning, 
implementation and evaluation processes. We find 
that significant public outreach, often to 
underserved areas, is highlighted as key to both 
development and success of the infrastructure 
investments. By integrating new infrastructure 
improvements with preexisting networks, these 
cities both reduced the cost of improving active 
transport and arguably smoothed adoption by 
users. Finally, performance and outcome 
measurements are cited as key to assessing and 
understanding the effectiveness, efficiency and 
equity of these programs and investments.  

Property Value Impacts 

We find that introducing advanced bicycle and 
pedestrian infrastructure like the Green Loop 
provides positive amenity values for nearby 
residential properties, even after controlling for 
other factors that influence property values. We 
estimate that average property values will increase 
by approximately 0.05% for single-family homes, 
and between 6.46% and 7.96% for multi-family 
homes. The most significant impacts will be 
concentrated in neighborhoods that are located 
closest to the Green Loop, allowing for easier 
access to the amenity.  

 

 

 

 

Economic Impacts 

IMPLAN, an input-output (I/O) based economic 
model, is utilized to estimate macroeconomic 
impacts of two hypothetical test scenarios that 
illustrate a range of impacts associated with 
different levels of infrastructure investments. The 
Low Investment test scenario is estimated at 
$10,427,929 in general infrastructure investments 
with 2% going towards public art installations, and 
the alternative High Investment test scenario is 
estimated at $67,973,039 with seven potential 
signature park sites. The scenarios create 156 to 
783 full-time equivalent jobs, and generates $22 to 
$114 million in economic output, concentrated in 
construction, architecture, engineering, and 
related services, and food services industry sectors.  

Business Activity Impacts  

Research has shown that active transportation 
infrastructure has potentially positive impacts on 
business activities and economic vitality in a region, 
and a preliminary benefits transfer analysis based 
on estimates from Clifton et al. (2012) and Dill and 
Carr (2003) is conducted to understand how local 
businesses might be affected. Our preliminary 
analysis shows small increases of 0.18% to 0.20% in 
annual sales in supermarkets, convenience stores, 
drinking places and restaurants that are located in 
close proximity to the Green Loop. Further 
research that specifically examines changes in both 
bicycle and pedestrian mode share in conjunction 
with business activity impacts before and after 
street infrastructure improvements or conversions 
will be necessary to accurately characterize how 
active transportation infrastructure affects 
businesses and economic development. Additional 
impacts may be likely if additional consumers or 
tourists are attracted to the Green Loop. 
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I. Introduction and Context 
This economic analysis is envisioned as a two-phase project with Phase I incorporating elements of a 

cost-benefit analysis and economic impact analysis funded through ISS, and with a Phase II focusing on a 

citywide greenway network (Green Loop would be one component of this citywide network) economic 

analysis with additional livability, equity and sustainability components funded through a competitive 

proposal at the National Institute for Transportation and Communities (NITC). This report is the 

culmination of Phase I of the project.  

¢ƘŜ άDǊŜŜƴ [ƻƻǇέ ŎƻƴŎŜǇǘ ƛǎ ŀƴ 

approximately 6-mile linear 

open space proposed through 

the heart of Portland. It would 

include and connect open 

spaces, parks, gathering areas, 

and walking and biking pathways 

attractive to walkers and bikers 

who may be uncomfortable 

using the current facilities 

downtown. It would run north-

south on both sides of the 

Central City, approximately 10 

blocks in from the riverfront trail 

system, and be linked to the 

bridges, surrounding districts and neighborhoods by east-west connections. The project is intended to 

spur additional economic development in the Central City and make it easier for pedestrians and cyclists 

to explore the area.  

As envisioned, the Green Loop concept requires significant infrastructure investments, and would result 

in both short-term and long-term impacts on transportation (for all travel modes), environment and 

economic development. The goal of this project would be to characterize, quantify and analyze these 

costs, benefits and impacts in a comprehensive and unbiased manner. In addition, this research serves 

to establish an analytical foundation for the impacts of urban greenways for further research.  

As part of this research process, the NERC team first conducted a thorough literature review of the 

current state of research on the economic impacts of infrastructure investment, traffic changes, bike 

facility investment, and similar infrastructure projects, among other topics, as well as a comprehensive 

methodology review to assess various approaches to the quantification of costs and benefits of bike and 

pedestrian infrastructure. Then, we draw key lessons from case studies of North American cities with 

similar urban greenway or bicycle/pedestrian infrastructure projects and/or bicycle/pedestrian plans. 

These case studies are complemented by semi-structured interviews of several key planners from 

selected urban areas. Finally, based on the literature and methodology reviews, case studies and 

interviews, in addition to scenarios developed by BPS and Portland Bureau of Transportation (PBOT), we 

analyze property value impacts, economic impacts of infrastructure investments and preliminary 

quantitative sustainability impacts.  



 
PORTLAND GREEN LOOP ECONOMIC ANALYSIS | 5 

 

 
 

Northwest Economic Research Center 

II. Literature and Methodology Review 
Regions investing in active bicycle infrastructure have seen considerable economic impacts, including 

increased economic activity, job creation, business vitality, tourism, and property value improvements. 

The wider usage of active transport modes that follows infrastructure improvements for both 

commuting and recreation may bring additional impacts to public health, environment, and household 

finances. The following discussion of recent studies and the experiences of regions making such 

investments covers each of these interrelated impacts.  

II-1. Economic Impacts  
Investment into bicycle and pedestrian related transportation infrastructure introduces new spending 

into the local economy, which has a well-established multiplier effect throughout the entire regional 

economy. Typically, input-output models are used to evaluate this overall economic impact, which can 

take the form of direct infrastructure investment, indirect bicycle-related industry effects (including 

tourism), and general impacts on businesses serving the area of investment. 

Infrastructure Investment Impacts 
There are two main infrastructure project costs: capital costs and operating costs (K. J. Krizek, 2006). 

Capital costs are expenditures directed to the construction of facilities and equipment such as on-street 

facilities (bike lanes, wide curb lanes, striping, and signed routes), off-street facilities (like shared-use 

trails and paths), and the equipment such as signs, signals, barriers, and parking. In practice, identifying 

the cost for bicycle and pedestrian-related infrastructure is challenging, since much of this infrastructure 

- like roadway shoulders and sidewalks - are incorporated with overall roadway projects (Vermont 

Agency of Transportation, 2012). Operating costs for this type of infrastructure typically include 

securing, policing, and maintaining the facilities, including maintenance of pavement, drainage, traffic 

controls and landscape (K. J. Krizek, 2006).  

Both the direct and indirect economic impacts of constructing and operating active transport facilities in 

can be estimated using a macroeconomic input/output (I/O) model such as REMI and IMPLAN. One such 

analysis of bicycle infrastructure in Vermont indicated that the expenditure on such facilities creates 

construction jobs as well as supports the professional/technical services sectors. Every one million 

dollars of active transport program/planning spending was found to support nearly 32 workers 

(Vermont Agency of Transportation, 2012). The study estimated total economic contributions to be $17 

million in output, 233 jobs and $10 million in labor income. 

Bicycle Industry Impacts 
Investments in bicycle infrastructure are generally positively correlated with an increase in the usage of 

bicycles (Pucher et al., 2010), ǿƘƛŎƘ Ŏŀƴ ƛƳǇŀŎǘ ǊŜƭŀǘŜŘ ōǳǎƛƴŜǎǎŜǎΩ ōƻǘǘƻƳ ƭƛƴŜǎ. Many regions and 

cities, including Wisconsin, Iowa, Minnesota, and Colorado, have conducted studies to evaluate these 

impacts (Flusche, 2012). Bicycle industry subsectors include manufacturing, wholesale and distribution, 

retail and service, and other services1. Taking into account spill-over effects to other bicycle-related 

                                                           
1 The manufacturing subsector includes manufacturing of bicycles, parts and accessories; wholesale and 
distribution also includes importing; retail and service is usually the largest subsector and includes sales and repair; 
other services include event promotion, industry representation and other ancillary services (Dean Runyan 
Associates Inc., 2014). 
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activities like entertainment and recreation, one study estimated that nationally, bicycle-related 

activities produce a $133 billion economic contribution, $17.7 million in federal and state taxes, and 1.1 

million jobs (Outdoor Industry Foundation, 2006).  

Impacts of the specific subsectors of the bicycle industry are expressed in terms of employment, 

personal income and output through input/output economic impact models. These types of economic 

impact studies are a way of characterizing the economic contribution or economic significance of the 

existing bicycle industry within a geographic area. For example, the Wisconsin Department of 

Transportation used REMI to estimate that the Wisconsin bicycle industry contributes over 2,102 jobs 

directly in the state, and another 1,316 jobs indirectly. This corresponds to approximately $377 million 

in annual economic output and $108 million of personal income (Bicycle Federation of Wisconsin & 

Wisconsin Department of Transportation, 2011). A similar approach was taken to evaluate the economic 

impacts of bicycle-pedestrian oriented business in Vermont, which found a contribution of $56 million of 

output, $26 million in earnings and 1,025 jobs (Vermont Agency of Transportation, 2012). A recent 

Oregon bicycle industry study used an industry survey to show that there are over 400 bicycle retail and 

service businesses, and several emerging manufacturers in Oregon, especially in the Portland 

metropolitan area. They found a total of 2,645 jobs, both full-time and part-time, were engaged in the 

bicycle industry, contributing $83.3 million in industry earnings in 2012 (Dean Runyan Associates Inc., 

2014). 

Other important components of the economic impact of the bicycle-related industry are tourism, events 

and recreation. Measuring the economic impacts associated with these components typically begin with 

characterizing expenditures from visitors and event participators for lodging, retail purchases, 

entertainment and goods and services (Bicycle Federation of Wisconsin & Wisconsin Department of 

Transportation, 2011). Many international and domestic cities these types of impacts όάLƳǇƭŜƳŜƴǘ ŀ ¦{ 

.ƛŎȅŎƭŜ wƻǳǘŜΥ 9ŎƻƴƻƳƛŎ LƳǇŀŎǘǎΣέ нлмрύ. For example, a study in Quebec, Canada showed that cycle 

tourists spend 6% more than other types of tourists with an average expenditure of $214 per day. 

ColoradoΩǎ ŜŎƻƴƻƳȅ benefits from $250-300 million stemming from bicycle tourism and bicycle-focused 

events, particularly in ski resort areas (Argys & Mocan, 2000). A recent economic benefit study of 

bicycling in Michigan created an analytical framework to evaluate tourism impacts of bicycling 

όά/ƻƳƳǳƴƛǘȅ ŀƴŘ 9ŎƻƴƻƳƛŎ .ŜƴŜŦƛǘǎ ƻŦ .ƛŎȅŎƭƛƴƎ ƛƴ aƛŎƘƛƎŀƴΣέ нлмрύ. The authors conducted intercept 

surveys at six bicycle-related events (as case studies for all bicycle-related events in the state) and online 

surveys for other events to gather information on trip expenditure patterns, which provided input data 

for IMPLAN modeling. They found that out-of-state participants in bicycling events spent approximately 

$15.6 million dollars in Michigan, translating to a total of $21.9 million in total economic impacts for the 

state. 

Business Vitality / Consumer Spending 
Evidence shows that active transportation infrastructure might positively impact business districtsΩ 

prosperity and economic vitality (Drennen, 2003; Flusche, 2012). There are many case studies from 

North American and European cities that compare sales and customersΩ expenditures before and after 

the construction of bike facilities, which collectively establish that cyclists and pedestrians indeed 

enhance retail activity in shopping districts that support regional business (Flusche, 2012; Jaffe, 2015). 

WŀŦŦŜΩǎ нлмр ǎǘǳŘȅ ŦǳǊǘƘŜǊ ǎǳƳƳŀǊƛȊŜǎ мн ŎŀǎŜ ǎǘǳŘƛŜǎ ŦǊƻƳ ŎƛǘƛŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘ ǘƘŀǘ ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ 

effects of losses in parking spaces and conversions to bike lanes on business opportunities, and found 
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that there is little to no impact on local business, and in some cases bike lanes might even increase 

business. On the other hand, although the majority of the research in this area points to positive 

business impacts of active transportation infrastructure, one short-term impact study of Vancouver, B.C. 

found a small net decrease in sales after the implementation of a separated bike lane (Stantec, 2011). 

In addition, travel mode choice has been shown to be correlated with different consumer expenditure 

behaviors. An analysis of 78 businesses in the Portland metropolitan area found that people who bike or 

walk spend similar amounts or more on average than their counterparts who drive, since non-drivers 

tend to travel more frequently to these destinations than drivers. Specifically, cyclists tend to spent less 

on grocery trips, but more at restaurants, bars, and convenience stores (Clifton et al., 2012). A survey of 

the East Village in New York City found that cyclists spend an average of $163 per week compared to an 

average of $143 in spending by drivers (Jaffe, 2015). 

 

II-2. Property Value Impacts 
In general, the literature supports the hypothesis that bicycle and pedestrian related facilities or 

greenway infrastructure tend to have positive impacts on property values (Cortright, 2009; Lindsey, 

Man, Payton, & Dickson, 2004a; Nicholls, Crompton, & others, 2005). Hedonic pricing analysis is the 

most commonly used methodology to explore the impacts of bicycle facilities and greenways on 

property value (Brander & Koetse, 2011; K. Krizek, 2007; Lindsey et al., 2004a).  

Cortright (2009) analyzed 15 different housing markets around United States, and found that walkability 

had positive impact on home values in 13 out of 15 housing markets. Another study found that 

proximity to trails and greenways (trails with greenbelts) are correlated with 2%, 4%, and 5% increases 

in home price (Asabere & Huffman, 2009). Even after controlling for spatial autocorrelation between 

greenspaces and property values ς that is, the correlation between the values of neighboring homes or 

likelihood of green spaces -  empirical studies have found that greenspaces had a significant positive 

impact on residential property values (Conway, Li, Wolch, Kahle, & Jerrett, 2010). Other efforts have 

expanded beyond single-family property impacts and found that walkability benefits commercial as well 

as multi-family residential property values, but the same benefits were not evident in industrial 

properties (Pivo & Fisher, 2011).  

Research has shown that proximity to green space predicts an increase in land value. Coupled with the 

existence of recreation travel to green areas and its associated travel costs, this change in market price 

ƛŘŜƴǘƛŦƛŜǎ ǊŜŎǊŜŀǘƛƻƴŀƭ ƎǊŜŜƴ ǎǇŀŎŜ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜΦ ! нлмм ΨƳŜǘŀǊŜƎǊŜǎǎƛƻƴΩ of thirty-

eight contingent valuation studies regarding urban and peri-urban green space found that areas with a 

recreation use component are valued approximately 322% more highly than land that serves 

preservation or aesthetic uses (Brander & Koetse, 2011). A 2001 Vermont park user survey also found 

that 64% of respondents stated that they valued recreational use most highly (out of eleven possible 

uses), and analysis of a subsequent willingness-to-pay survey question resulted in an allocation of 28.3% 

value to recreation, over twice the allocation of the next most-valued use (Manning & More, 2002). 

The below hedonic property value model represents the general form for such models: 

Pi Ґ ʲ0 Ҍ ʲ1Hi Ҍ ʲ2Si Ҍ ʲ3Ni + ₵i 
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Here, the dependent variable is Pi, home sale price. Hi is a vector of property characteristics (which 

would include proximity to advanced bike facilities and density of these facilities in a buffer zone), Si is a 

vector of school characteristics, and Ni is a vector of neighborhood characteristics (Liu & Renfro, 2014). 

CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǳƴƛǉǳŜ ǎǘǊǳŎǘǳǊŜ ƻŦ hǊŜƎƻƴΩǎ ǇǊƻǇŜǊǘȅ ǘŀȄ ǎȅǎǘŜƳ Ǿƛŀ aŜŀǎǳǊŜ р ŀƴŘ aŜŀǎǳǊe 50 has 

ƭŜŘ ǘƻ ƭŀǊƎŜ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ŀŎǊƻǎǎ ǇǊƻǇŜǊǘƛŜǎ ƛƴ ǘŜǊƳǎ ƻŦ ǇǊƻǇŜǊǘȅ ǘŀȄ ƭƛŀōƛƭƛǘƛŜǎΣ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ŦƻƭƭƻǿΩǎ [ƛǳ 

ŀƴŘ wŜƴŦǊƻΩǎ όнлмпύ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ǘƻ ŀƭǎƻ ƛƴŎƭǳŘŜ ŀƴ !±κwa±-ratio (assessed value to real market value 

ratio) variable to capture the capitalization effects of varying property tax liability. This model utilizes an 

ordinary least squares (OLS) mixed-effects approach to incorporate a combination of time-variant and ς

invariant variables, and each coefficient describes the marginal value to the homeowner of 

improvements or amenities in each vector. A prior effort to construct a model relating walkability (in 

strict terms of proximity) to property value found no impact of walkability on property values in 

industrial zones, so it is likely that green space or other active transportation infrastructure will be 

similarly irrelevant; our estimation and analysis will not include an industrial component (Pivo & Fisher, 

2011).  

While many property value models that relate green space (and trail infrastructure) and walkability to 

residential property values have been developed, there are fewer empirical studies that consider 

commercial or industrial property. A commercial property value model can take on the same form as 

above, with a modified set of explanatory variables. One previous effort to analyze the value of office 

ǎǇŀŎŜ ƛƴ tŜƻǊƛŀΣ Lƭƭƛƴƻƛǎ ƛƴŎƭǳŘŜŘ aƻƻŘȅΩǎ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻǇŜǊǘȅ ǇǊƛŎŜ ƛƴŘŜȄ ό/ttLύΣ άƎǊŜŜƴέ ōǳƛƭŘƛƴƎ 

elements, floor size, parking ratio, existence of food service facilities, number of stories, years of 

construction and renovation, proximity to transit, location (urban or suburban), and class of building 

(Monson, 2009). Additionally, prior studies have found that traffic-calming measures, including changes 

to roadways that intend to reduce traffic speeds or motor vehicle traffic volume or to improve safety for 

all users, improve business in commercial zones (Drennen, 2003; Jaffe, 2015). For commercial 

properties, building characteristics may include square footage, LEED certification, and age. The 

neighborhood characteristics (Ni) vector is the location of the key greenspace and walkability variables, 

as well as proximity measures (greenspace and CBD or neighborhood centroid), median income by 

census tract (as a proxy for consumer spending), and crime rate.  

For property value models, a semi-logarithmic approach is preferred, because in addition to narrowing 

output value range and minimizing heteroscedasticity, this form provides coefficients that directly 

represent percent impact on the dependent variable (Gulyani, Bassett, & Talukdar, 2012). Our proposed 

model takes the following form, and can be applied to both residential and commercial property types, 

given adequate property sales data: 

  ln Pi Ґ ʲ0 + ̡ 1Hi Ҍ ʲ2Si Ҍ ʲ3Ni + ₵i  

In following sections, we will apply the above hedonic price property value model to properties sold in 

the City of Portland. The estimated coefficients can subsequently be used to predict property value 

changes impacted by the Green Loop concept. However, due to limited data and sample size of 

commercial and industrial property sales, we focus only on residential properties in this study.  
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II-3. Additional Sustainability Impacts 
There are many social and environmental benefits that the proposed Green Loop project would provide 

that are not accounted for in the property value, economic impact or business activity analysis. This 

section provides a brief overview of these benefits and a basic benefits transfer framework through 

which they can be analyzed.  

Mode Shift  
The literature shows that construction of new bike lanes and paths increases the percentage of 

recreational and commuting cyclists, and improvements to existing facilities draw increased active 

transportation traffic as well (Barnes, Thompson, & Krizek, 2006; Dill & Carr, 2003; Nelson & Allen, 1997; 

Tilahun, Levinson, & Krizek, 2007). A 2006 study of mode shift in the Minneapolis-St. Paul area following 

the construction of extensive new urban bicycle facilities in the 1990s found that bicycle mode share 

increased by 0.3 percentage points (an increase of 17.5% - from 1.7% to 2.0%), and a cross-sectional 

1997 analysis of data from 18 U.S cities found that each mile of bikeway per 100,000 residents was 

associated with a 0.069% increase in bicycle commuting (Barnes et al., 2006; Nelson & Allen, 1997). In 

2003, Dill and Carr (2003) repeated that same methodology, incorporating more explanatory factors and 

data from 35 cities, and found a rate of almost 1% increase in mode share per additional mile of bikeway 

per square mile.  

Additionally, Dill and Carr found that infrastructure improvements were the only class of explanatory 

variable with a statistically significant impact on bicycle mode share τ socioeconomic traits, public 

support for cycling, and even weather patterns proved ultimately irrelevant. The authors caution that no 

cause-and-effect relationship can be inferred, but nonetheless affirm that if new facilities are 

constructed they will certainly be used (Dill & Carr, 2003). A stated preference study conducted in 

Minneapolis-St. Paul found that cyclists are willing to travel for up to twenty minutes longer in order to 

use a path separated from automobile traffic and on-street parking (Tilahun et al., 2007). 

It is worth noting that there is a countervailing force at work: in heavily congested urban areas, any 

reduction in traffic resulting from modal shift towards bicycling is likely to be quickly dissipated, as 

driving commuters respond to increased lane space and shift their behavior accordingly (Cervero, 2002; 

Noland, 2001). This phenomenon results from latent demand τ demand that expands with supply. It is 

probable that any free lane space or reduction in traffic will be short-lived at best, leaving greenhouse 

gas and congestion impacts nullified. If latent demand is not a factor, the reduction in vehicle miles 

traveled can be estimated by applying mode substitution factors and transportation elasticities to 

estimate mode shift (Litman, 2013). This ratio is more difficult to determine for cycling, because bicycle 

trips do not automatically replace car trips τ individuals are more likely to choose an active mode of 

transport for shorter trips. A 2001 study of shopping trip transport choice in Austin, Texas, found that 

73% of walking trips were substitutes for driving trips, but all such trips were very short in duration, 

totaling an average of 2.1 miles per individual per month (Handy & Clifton, 2001). 

Assuming any reduction in motor vehicle miles traveled and increases in active transportation mode 

shares persist in the long run, the additional sustainability-related benefits derived from these 

investments into active transportation infrastructure and resulting mode share shifts can be categorized 

into the following: greenhouse gas emission (GHG) savings, congestion time savings, public health 
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benefits, social benefits and ecosystem services. While these potential benefits may not be easy to 

quantify, they may nonetheless be significant.  

 

GHG Emission Savings 
It has been documented that carbon dioxide and carbon dioxide-equivalent emissions have negative 

environmental, economic and societal impacts, and these impact may be measured by quantifying the 

economic costs of coastal destruction, increased disease, decreased food production, and other factors. 

These impacts are typically aggregated and measured as the marginal cost of an additional metric ton of 

CO2 emissions, and termed the social cost of carbon, or SCC. A U.S government interagency working 

group consisting of scientific and economic experts from Council on Environmental Quality, National 

Economic Council, Office of Energy and Climate Change, and Office of Science and Technology Policy, 

EPA, and the Departments of Agriculture, Commerce, Energy, Transportation, and Treasury publishes 

estimates starting in 2010 with updates and revisions in 2013 and 2015. These estimates were created 

by averaging predictions from the three prevalent integrated assessment models (DICE, FUND, and 

PAGE), and Figure 1 below presents the SCC forecast out to 2050 at varying discount rates (Interagency 

Working Group on Social Cost of Carbon, 2013). 

 

Figure 1. Estimate of Social Cost of CO2 (2010-2050) 

Regardless of the dollar amount attributed to the known damage caused by increased GHGs, 

transportation contributes to total emissions. According to a 2010 report for the Transportation 

Research Board, the United States collectively emits 7,150 million metric tons of CO2e per year, and over 

a quarter of that comes from the transportation sector. Of that quarter, 61% comes from passenger cars 

and light trucks τ approximately 18% of total U.S. emissions (Gallivan & Grant, 2010). The United States 

Environmental Protection Agency (EPA) produces similar estimates, reporting that in 2013, 

transportation was responsible for 27% of total emissions, and points out that this number has 

increased 16% since 1990 (although new fuel economy standards implemented in 2005 have partially 
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reversed this trend) όάDǊŜŜƴƘƻǳǎŜ Dŀǎ 9ƳƛǎǎƛƻƴǎΣέ нлмрύ. Reducing automotive travel, and thus GHG 

emissions, is a vital part of the effort to control global warming. The proposed Green Loop concept, as 

investments into active transportation infrastructure that can potentially increase cycling and pedestrian 

mode shares, can contribute towards reducing GHG emissions and lowering social costs of carbon.    

Congestion Time Savings 
Reducing the number of vehicles on the road provides another benefitτsavings in the form of time for 

commuters. The value of travel time, or VTT, is calculated as the product of time spent traveling and a 

given unit cost. This unit cost varies depending on a variety of factors, including trip characteristics and 

individual traveler preferences, but is usually estimated at 25-50% of the prevailing wage (Victoria 

Transport Policy Institute, 2013). Congestion imposes additional costs in the form of uncertainty, 

because the perceived value of time, especially when commuting, increases if delays are unexpected 

(Economic Development Research Group Inc., 2005).  

One interesting exception to the standard VTT model occurs when individuals choose to walk or bicycle 

to work: many who do so report that they actually derive value from their commute, enjoying the first 

20-40 minutes (although this effect decreases or disappears after 90 minutes) (Victoria Transport Policy 

Institute, 2013). By facilitating easier active transport commutes in the central Portland area and 

decreasing congestion, the Green Loop potentially increases VTT savings in two different ways.  

Public Health Benefits 
ά¢ƘŜ ōǳƛƭǘ ŀƴŘ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǿƘƛŎƘ ǘƘŜȅ ƭƛǾŜ, by the social environment and by personal factors 

ǎǳŎƘ ŀǎ ƎŜƴŘŜǊΣ ŀƎŜΣ ŀōƛƭƛǘȅ ŀƴŘ ƳƻǘƛǾŀǘƛƻƴέ (Edwards & Tsouros, 2006) ŀǊŜ ŜǎǎŜƴǘƛŀƭ ŦŀŎǘƻǊǎ ƛƴ ǇŜƻǇƭŜΩǎ 

decision to participate in physical activities such as bicycling, jogging or walking. Infrastructure 

investments such as the proposed Portland Green Loop serves a crucial role in the promotion of active 

ǘǊŀƴǎǇƻǊǘ ōȅ άŎǊŜŀǘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǇƘȅǎƛŎŀƭ ŀŎǘƛǾƛǘȅ ŀƴŘ ŀŎǘƛǾŜ ƭƛǾƛƴƎέ ό²IhΣ 

2006), leading to lower inactivity rates, which tend to decrease healthcare costs and productivity costs 

related to poor health. A 2006 report published by the National Cooperative Highway Research Program 

(NCHRP) looked at ten different attempts to quantify these costs on an annual basis and produced a 

median result of $128 worth of health cost savings per capita per year (the lowest value was $19, and 

the highest was $1,175) (K. J. Krizek, 2006).  

In order to determine the value of public health benefits derived from the Green Loop Project, it would 

be necessary to identify the total number of new users, and multiply that by estimated annual health 

benefit (Atlanta Beltline Community Connector, 2013). Individual willingness to engage in cycling in 

Portland can be characterized along a continuum, ranging from άunwilling to bike at allέ to άfearlessέ of 

even the most dangerous routes. The majority (about 60%) falls inǘƻ ŀ ƎǊƻǳǇ ǘŜǊƳŜŘ άLƴǘŜǊŜǎǘŜŘ ōǳǘ 

/ƻƴŎŜǊƴŜŘέ in a report for the Portland Office of Transportation (Geller, 2009). These individuals like the 

idea of cycling, but safety concerns keep them off of roads. By creating a more welcoming and car-free 

environment, the Green Loop Project has the potential to attract new cyclists from this demographic.  

Social Benefits 
There is a large body of recent literature that investigates the social benefits of green space (Kuo, 2011). 

Such studies indicate that green spaces, especially in urban environments, are linked to reductions in 

crime, increased perceptions of connectivity and support and stronger community engagement.  
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Kuo and Sullivan (2001) found conducted regression analysis of the relationship between vegetation and 

number of police reports filed in 98 inner-city apartment buildings in the Ida B. Wells public housing 

project in Chicago over the course of two years. They showed that the existence of vegetation outside of 

buildings was connected to significant reductions (approximately 40%) in both violent crime and 

property crime. A мффн ŎƻƳǇŀǊƛǎƻƴ ƻŦ ǾƛƻƭŜƴǘ ƛƴŎƛŘŜƴǘ ǊŀǘŜǎ ƛƴ !ƭȊƘŜƛƳŜǊΩǎ ǇŀǘƛŜƴǘǎ ŀŎǊƻǎǎ ŦƛǾŜ ŀǎǎƛǎǘŜŘ 

living facilities in British Columbia found that facilities that had recently been remodeled to provide 

residents with access to green space halted the conventionally-expected increase in violence over time 

(due to the degenerative nature of the disease). At facilities without green space, violent incidents 

increased by 681%, while at those with gardens, the rate actually declined by 19% (Mooney & Nicell, 

1992).  

An analysis of information compiled in the 2000-2001 Los Angeles Family and Neighborhood Study 

across sixty-five census tracts in Los Angeles determined that residents in areas with parks (as identified 

using county geographical data) report higher levels of mutual trust and willingness to help one another, 

even when a variety of other demographic and locational attributes are taken into account (Cohen, 

Inagami, & Finch, 2008). In 2009, Dutch researchers examining data from the second Dutch National 

Survey of General practice (DNSGP-2) in comparison to the National Land Cover Classification (NLCC) 

database found that, over a sample of over 10,000 individuals, proximity of less than 1km to green space 

was related to a higher perception of social connectivity and support and lower reported levels of 

loneliness. A wide variety of controls were used, including actual level of social engagement (as 

measured by reported interactions), and proximity to green space was the only reliable predictor of 

perceived social support and decreased loneliness (Maas, van Dillen, Verheij, & Groenewegen, 2009). 

Taken together, the above studies offer support for the social and psychological value of green space.  

Ecosystem Services 
The proposed DǊŜŜƴ [ƻƻǇ tǊƻƧŜŎǘ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ŦŜŀǘǳǊƛƴƎ ŀ άŘŜƴǎŜΣ ǘǊŜŜ-ƭƛƴŜŘ ǇŀǘƘέ ŦƻǊ ŎȅŎƭƛǎǘ ŀƴŘ 

pedestrian use. A widely-cited article from the 1997 edition of Nature identifies seventeen different 

types of economic benefits that can be derived from natural environmental features, and of these 

seventeen, six are considered to have major importance in urban areas: air filtration, micro-climate 

regulation, noise reduction, rainwater drainage, and recreational or cultural values (Bolund & 

Hunhammar, 1999; Costanza, 1997). A lined path of the type proposed offers all of these services, and 

although these benefits will be small in scope when compared to others described in this section, this 

distinct benefit type remains notable.  
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III. Case Studies 

III-1. Overview 
As part of our background research for this project, NERC reviewed reports on similar active-transport 

infrastructure initiatives across the nation, and interviewed key individuals who were involved in both 

the preliminary and implementation phases of each city plan to better understand the costs, benefits 

and impacts associated with the initiatives. We examined eight North American cities: Austin, TX; 

Chicago, IL; Denver, CO; Indianapolis, IN; Minneapolis, MN; New York, NY; Vancouver, BC; and 

Washington, DC, all of which had either updated their bicycle/pedestrian plans in the last five years or 

have implemented pilot infrastructure projects for cyclists or pedestrians. 

In general, all plans researched featured community outreach prominentlyτit appears that the lowest-

cost way to determine what a community needs is to ask. Almost all plans used bicycle and pedestrian 

counts to measure success, and three citiesτIndianapolis, New York City, and Vancouver BCτ

conducted economic impact analyses of some part of their plan. Complete summaries of the above 

active transportation plans can be found in Appendix A1 of this report. 

The city of Austin, Texas, has long sought to improve active transportation with a series of city plans, the 

most recent of which is the 2014 Austin Bicycle Master Plan. In this plan, the city describes 

improvements that took place following the previous Plan (issued in 2009), including 84 miles of 

bikeway construction and a documented 100% increase in bicycle mode share throughout the city, 

bringing the share of commuters choosing bikes to as high as 13% in some areas. Proposed future 

improvements include construction of 247 additional miles of bikeway (featuring physically protected 

lanes), increased efforts to shift short trips from automotive to bicycle mode by improving facilities, and 

connection of all desirable destinations to further increase mode share. These new improvements are 

estimated to cost $161 million, and such funds have traditionally been provided by the city general fund, 

voter-approved bonds, federal grants, and the local transportation fund (2014 Austin Bicycle Master 

Plan, 2014).  

The Chicago Streets for Cycling 2020 plan includes the ambitious goal of providing bicycle facilities 

within a half-mile of every Chicagoan, and emphasizes the greater need for bikeways in more densely-

populated areas. Additionally, the plan notes that improved infrastructure is best located in areas where 

ridership is already fairly high.  When complete, their active transport network will be 645 miles long. 

Funding is will be derived from a federal grant, as well as various local sources. Notably, the city plans to 

pair bike lane installation with arterial resurfacing projects, thereby minimizing costs (Chicago Streets for 

Cycling 2020, 2012).  

In Denver, Colorado, the Denver Moves Plan (2011) lays out a $119 million plan to construct an 

ŀŘŘƛǘƛƻƴŀƭ нтл ƳƛƭŜǎ ƻŦ ŀŎǘƛǾŜ ǘǊŀƴǎǇƻǊǘ ǇŀǘƘǎΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ Ƴŀƴȅ άŜŀǎŜ-of-ǳǎŜέ ƛƳǇǊƻǾŜƳŜƴǘǎ όǎǳŎƘ ŀǎ 

intersection treatments) and removal of existing barriers. Funding is anticipated to come from state and 

federal grants. Metrics for success include traffic counts, mode shift estimates, crash data, geographic 

equity, and active transport infrastructure spending (Denver Moves, 2011).   

Indianapolis, Indiana, is home to the Indy Cultural Trail, one of the first projects of its kind: an urban trail 

designed to create a sense of place and community while uniting all corners of the city. This trail, which 

cost approximately $63 million dollars to complete, was funded initially using $27.5 million from local 
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investors and stakeholders, and later with $35.5 million in federal grants (including a $20.5 million 

Transportation Investment Generating Economic Recovery, or TIGER, grant from the Federal 

Department of Transportation) όάC!vǎΣέ LƴŘȅŎǳƭǘǳǊŀƭǘǊŀƛƭΦƻǊƎύΦ Lƴ ƻǳǊ ƛƴǘŜǊǾƛŜǿ ǿƛǘƘ ŀƴ ƛƴǾƻƭǾŜŘ Ŏƛǘȅ 

official, it was emphasized that the two-phase construction of the trail was essentialτthe first section 

(about 4 miles) allowed planners to learn from the experience and construct the second half more 

efficiently. Additional greenways improvements are discussed in the Indy Greenways Full Circle Master 

tƭŀƴΣ ǿƘƛŎƘ ŦƻŎǳǎŜǎ ƻƴ ŜƴƘŀƴŎƛƴƎ ŀŎŎŜǎǎ ǘƻ ǘƘŜ /ǳƭǘǳǊŀƭ ¢Ǌŀƛƭ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀƴ άŜƴƎƛƴŜέ ƻŦ ǘƘŜ 

greenway system). Major plan objectives include completing and improving existing bikeways, creating a 

64-mile circle that connects four parks at each corner of the city, and working to close existing network 

gaps. New construction is anticipated to total 139 miles, and cost a total of $44.2 million. An economic 

impact analysis conducted as part of the Full Circle Plan estimates that 90% of that cost will be recouped 

via increased property tax revenues (Indy Greenways Full Circle Master Plan, 2014).  

The Minneapolis Bicycle Master Plan, released in 2011 and updated in 2015 to emphasize the 

importance of protected bikeways, sets the goal of constructing 183 miles of bikeways at a cost of $270 

million, over the course the next 30 years. Progress is to be assessed by a wide variety of counts, 

including traffic counts, mode shift calculations, crash data, bicycle theft data, complaint counts, and 

counts of events designed to provide bicycle-related education and outreach (Minneapolis Bicycle 

Master Plan, 2011). 

New York City released their comprehensive transportation strategy, Sustainable Streets, in 2008. 

Although this is a plan that includes all types of transportation, the goal of doubling bicycle commuting 

by 2015 is explicitly stated. Improvements include 200 miles of new bicycle facilities by 2009 and 

completion of the 1997 New York City Bicycle Master Plan (which delineates 909 miles of bikeways). 

Metrics for success include overall measures, such as number of bicycle commuters, number of crashes, 

and number of active transport facilities. Additionally, the New York City Department of Transportation 

funded an economic impact analysis, which used sales tax data to calculate economic activity before and 

after bicycle facility implementation. In general, the study finds that active transportation infrastructure 

improves economic activity (NYCDOT, 2008; 2012).  

The city of Vancouver, British Columbia, most recently updated their greenways plan in 2010. The goal is 

to create a city-wide network of 17 bike routes, totaling 87.5 miles in length, that will combine with 

neighborhood-funded and -maintained greenways to create a complete network that leaves no resident 

with no more than a 25-minute walk or 10-minute bike ride away from such a facility. An additional 

ƴƻǘŀōƭŜ Ǝƻŀƭ ƛǎ ǘƘŜ ŎƛǘȅΩǎ ŜŦŦƻǊǘ ǘƻ ƛƴǘŜƎǊŀǘŜ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ŀŎǘƛǾŜ ǘǊŀƴǎǇƻǊǘΣ ƳŀƪƛƴƎ ŀƭƭ ǇŀǊǘǎ 

ƻŦ ǘƘŜ Ŏƛǘȅ ŀŎŎŜǎǎƛōƭŜ ǿƛǘƘƻǳǘ ǘƘŜ ǳǎŜ ƻŦ ŀ ŎŀǊ όάDǊŜŜƴǿŀȅǎ ŦƻǊ ǿŀƭƪƛƴƎ ŀƴŘ ŎȅŎƭƛƴƎέΣ ±ŀƴŎƻǳǾŜǊΦŎŀύΦ Lƴ 

2011, a short-term (two-month) impact analysis was conducted in order to determine the impact of two 

separated bike lanes built in the downtown area. This study indicated a small negative impact, but due 

to its short-term nature, it is unclear whether this negative impact was sustained. Evidence from other 

such studies indicates that it probably was not, but nonetheless, this short-term negative impact must 

be taken into consideration (Stantec, 2011).  

In Washington, D.C., the 2005 Bicycle Master Plan, which focuses on improving existing bikeways and 

decreasing collisions, was followed in 2010 by a downtown bike lane pilot project that sought to monitor 

the success of three separate infrastructure improvements with the goal of applying the findings to 

future projects. Results for each of the three areas were distinct and are presented separately, but 
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across all locations, public perception of the projects was favorable and bicycle improvements did not 

appear to come at a cost of automotive inconvenience.  

III-2. Lessons from Interviews 
Following our examination of active transportation plans in various cities around North America, we 

conducted semi-structured telephone interviews with planning officials in Chicago, Austin and 

Indianapolis in order to obtain further insight into their individual planning, implementation and 

evaluation processes. The subsequent paragraphs describe key lessons gleaned from these interviews.  

Chicago 
Chicago is of particular interest due to the emphasis on equity and distinct neighborhood traitsτboth 

concepts emphasized by the city contact, who sees the greenway plan as part of achieving broader 

social welfare goals. Additionally, young professionalsτa demographic associated with economic 

growth--are typically more attracted to areas with healthy active transport systems.  

¢ƘŜ ŎƻƴǾŜǊǎŀǘƛƻƴ ƘƛƴƎŜŘ ƻƴ /ƘƛŎŀƎƻΩǎ ōǊƻŀŘ ŀƴŘ ƛƴŎƭǳǎƛǾŜ ŀǇǇǊƻŀŎƘ ǘƻ ŘŜǎƛƎƴΥ ƳǳƭǘƛǇƭŜ ǇǳōƭƛŎ 

ŜƴƎŀƎŜƳŜƴǘ ŜǾŜƴǘǎ ŀǊŜ Ŏƻƴǘƛƴǳƻǳǎƭȅ ǳƴŘŜǊǿŀȅ όƛƴŎƭǳŘƛƴƎ ǘƘŜ ά{ƭƻǿ wƻƭƭέ ƴŜƛƎƘōƻǊƘƻƻŘ ƳƻǾŜƳŜƴǘΣ 

originally out of Detroit, which organizes weekly bike rides geared towards riders of all ability levels), 

ŀƴŘ ƻǳǊ ŎƻƴǘŀŎǘ ƳŀŘŜ ǇŀǊǘƛŎǳƭŀǊ ƴƻǘŜ ƻŦ ǘƘŜ ŘƛŦŦŜǊƛƴƎ ƴŜŜŘǎ ŀƴŘ ǘǊŀƛǘǎ ƻŦ /ƘƛŎŀƎƻΩǎ ƴƛƴŜ ƴŜƛƎƘōƻǊƘƻƻŘǎΣ 

ŀƴŘ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǎǇŜƴŘƛƴƎ ǘƛƳŜ άƻƴ ǘƘŜ ƎǊƻǳƴŘέ ƛƴ ŜŀŎƘ ƛǎ Ǿƛǘŀƭ ǘƻ ŀ ǎǳŎŎŜǎǎŦǳƭ ǇƭŀƴΦ /ƘƛŎŀƎƻ ǘǊŀŎƪǎ 

mode share on a number of different levelsτtraffic counts occur in each neighborhood (at both rush 

hour and on a 24-hour basis), in addition to monthly counts at six downtown locations and quarterly 

counts at twenty locations along arterial routes. Infrastructure improvements are simultaneously noted, 

in order to connect changes in patterns with such improvements.  

Austin 
In our interview with a contact in Austin, public engagement was similarly key to developing the 

updated bike plan. An online survey was use to ŎŀǇǘǳǊŜ ŎƛǘƛȊŜƴǎΩ ŀǘǘƛǘǳŘŜǎ ǘƻǿŀǊŘǎ ōƛŎȅŎƭƛƴƎ όǎƛƳƛƭŀǊ ǘƻ 

DŜƭƭŜǊΩǎ άCƻǳǊ ¢ȅǇŜǎ ƻŦ /ȅŎƭƛǎǘǎέ ǊŜǇƻǊǘ ǊŜŦŜǊŜƴŎŜŘ ƛƴ {ŜŎǘƛƻƴ ··ύΦ {ǇŜŎƛŦƛŎ ŜŦŦƻǊǘǎ ǿŜǊŜ ƳŀŘŜ ǘƻ ƘƻƭŘ 

planning meetings in neighborhoods with higher minority populations, in the interest of promoting 

equity. Most notably to our purposes, the city has put extraordinary effort into quantifying the impacts 

ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ ōƛƪŜ ŦŀŎƛƭƛǘƛŜǎ Ǿƛŀ ǘƘŜ ά¢Ƙƛƴƪ .ƛƪŜέ ǿƻǊƪǎƘƻǇΣ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ŜŦŦƻǊǘ ōŜǘǿŜŜƴ ǘƘŜ Ŏƛǘȅ ƻŦ 

Austin and the Dutch Bike Embassy. The primary quantitative tool used was a new web-based 

transportation planning software called the MOVE Meter (developed by Dutch consulting team MOVE 

Mobility) that  creates detailed maps showing congestion levels, trip lengths, and more; which can then 

be used to run hypothetical infrastructure scenarios and predict the changes that may occur in 

response.  Using preexisting data, these predicted changes can then be translated into quantified 

impacts on health, time-saving, decreased costs, and more.  

Indianapolis 
To see a close parallel to the Green Loop concept, we look to Indianapolis, where the success of the Indy 

Cultural Trail described by our contact offers an example of the way in which a well-designed pedestrian 

thoroughfare can increase both active transport and sense of community and place. This trail, originally 

conceived as an urban version of the popular local Monon Trail, was funded by a variety of stakeholders, 

including local merchant associations and nonprofit organizations, all of which joined voices with the 
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public in creating the initial design. Even during implementation, the plan remained dynamic, changing 

in accordance with community input.  

III-3. Case Study Conclusions 
In conclusion, all of the cities we examined as case studies significantly increased their bicycle facilities, 

and experienced increasing bicycle mode share in the past decade. Key lessons from these case studies 

ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ǘƘŜ ǘŀōƭŜ ōŜƭƻǿΣ ŀƴŘ ŘŜǘŀƛƭŜŘ ǎǳƳƳŀǊƛŜǎ ƻŦ ŜŀŎƘ ŎƛǘȅΩǎ ōƛŎȅŎƭŜκǇŜŘŜǎǘǊƛŀƴ 

infrastructure background, active transportation plans and evaluation methods are included in Appendix 

A1. Most cities consider safety, equitable accessibility, economic vitality, and health and environmental 

impacts as important goals in their plans. Some cities, such as New York, Austin and Minneapolis, also 

conducted multi-dimensional evaluation processes for their active transport plans or projects. However, 

we did not find consistent practices for the evaluation of urban greenways, thus limiting the 

comparability of projects and impacts. However, common themes do have significance for this project 

and are summarized below: 

¶ Public Engagement: All cities engaged in significant public outreach, often to underserved areas. 

This technique was highlighted in the interviews, where our contacts unanimously cited this as 

key to both development and success. 

¶ Integration into Existing Networks: By pairing new infrastructure improvements with 

preexisting networks, these cities both reduced the cost of improving active transport and 

arguably smoothed adoption by users.  

¶ Performance and Outcome Measurements: Assessment is key to determining the efficacy of 

any public service. The cities that we researched noted plans to engage in a wide variety of 

assessment techniques, usually emphasizing changes in mode share and traffic counts.  

.ȅ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ƻǘƘŜǊ ŎƛǘƛŜǎΩ ƎǊŜŜƴǿŀȅ ƛƳǇǊƻǾŜƳŜƴǘ ŜȄǇŜǊƛŜƴŎŜǎΣ ǘƘŜ /ƛǘȅ ƻŦ tƻǊǘƭŀƴŘ Ŏŀƴ ŀǇǇǊƻŀŎƘ 

this infrastructure change in a way that is both equitable and efficient.  
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Table 1. Key Lessons from Case Study Cities 

City 
Total Active 
Transportation 
Infrastructure  

Key Lessons 

Austin 210  (2014) 

¶ Implemented protected bike lanes 

¶ Captured short trips into bike trips 

¶ Built a comprehensive bicycle network 

¶ Multidimensional benefits analysis covers topics of 
mobility, environment, public health and livability. 

Chicago 645 (by 2020) 
¶ More focus and experience on protected bike facilities 

¶ Separate pedestrian plan provides tools and strategies for 
safer streets 

Denver 270 (by 2020) 
¶ Multiple facility types manual 

¶ 80% of moderate to high ease-of-use facilities 

Indianapolis 250 (by 2024) 

¶ Bike facility economic impact analysis examined impacts 
to property value, property tax, job creation, economic 
potential and retail sales 

¶ Cultural trail ς connecting existing greenways system 

Minneapolis 210 (2014) 
¶ Public engagement during planning process 

¶ 6E strategy: education, encouragement, enforcement, 
engineering, equity and evaluation 

New York 431 (2014) 
¶ Multidimensional evaluation metrics of street redesign 

treatments 

¶ Economic impacts analysis of pilot projects 

Vancouver, BC 88 (by 2020) 
¶ Bicycle/pedestrian safety treatments study 

¶ Business impact study of pilot project 

Washington, DC 131 (2014) ¶ Pilot study of evaluating facility treatments 
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IV.Economic Analysis 

IV-1. Property Value Impacts 
Following the traditional housing hedonic pricing model described previously in the literature review 

section, property values are typically determined by a combination of characteristics such as property 

characteristics (property size, age, taxation, etc.), regional and location characteristics (public school 

quality, safety, distance to central business district (CBD), land use pattern, etc.), and overall regional 

economic conditions. In addition to these characteristics, many studies identified access to 

transportation, especially access to bicycle and pedestrian facilities, as having potentially positive 

impacts on property values (Asabere & Huffman, 2009; Cortright, 2009). Therefore, we extend the 

general form of the hedonic pricing model to the following: ln Pi Ґ ʲ0 Ҍ ʲ1Hi Ҍ ʲ2Si Ҍ ʲ3Ni + ₵i 

Pi Ґ ʲ0 Ҍ ʲ1Hi Ҍ ʲ2Ni Ҍ3̡Bi Ҍ ʵ¸i +₵i 

where, the dependent variable Pi is the property sale price, Hi is a vector of property characteristics, Ri is 

a vector of neighborhood characteristics include schools, neighborhood amenities and location, Bi is a 

vector of bicycle facility characteristics, and Yi is a vector of sale year dummy variables that captures the 

overall economic conditions. The estimators ̡ i ŀƴŘ ʵ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƳŀǊƎƛƴŀƭ ǾŀƭǳŜ ƻŦ ǘƘŜǎŜ ŦŀŎǘƻǊǎ ǘƻ ŀ 

homebuyer, and the ₵ (error) term represents the remaining residuals.  

In order to construct the dataset for our estimation, Multnomah County residential property tax rolls 

(including property sales) from 2010-2013 were collected and aggregated. Basic property characteristics 

are included for each property in this dataset, including property square footage, year built, property 

code (indicating type of property), as well as property taxes assessed. In addition, we include a property 

tax variable, AV/RMV ratio (property assessed value (AV) divided by real market value (RMV)), which 

describes the percentage of ŀ ǇǊƻǇŜǊǘȅΩǎ ǊŜŀƭ ƳŀǊƪŜǘ ǾŀƭǳŜ ƻƴ ǿƘƛŎƘ ǇǊƻǇŜǊǘȅ ǘŀȄŜǎ ŀǊŜ ŀǎǎŜǎǎŜŘΦ 

Previous studies (Liu & Renfro, 2014) have found that differential property tax liabilities such as those 

ǇƻǎŜŘ ōȅ hǊŜƎƻƴΩǎ aŜŀǎǳǊŜ р ŀƴŘ aŜŀǎǳǊŜ рл ƘŀǾŜ ǎƛƎƴƛŦƛŎŀƴǘ ŜŦŦŜŎǘǎ ƻƴ ǇǊƻǇŜǊǘȅ ǾŀƭǳŜǎΦ ¢ȅǇƛŎŀƭƭȅΣ 

higher AV/RMV ratios, indicating relatively higher property tax liabilities, result in lower property sale 

prices, even after controlling for all other property and neighborhood characteristics. We also include 

the property sale year variable as a dummy variable to reflect general market and economic conditions 

during the year when the transaction took place.  

Using the geo-location of each property, additional neighborhood and location amenity variables for 

each property were matched and joined. For example, literature has shown that school quality as an 

important determinant for property values. Each property in our dataset was matched to an elementary 

school catchment area, and standard testing reading and math scores, which served as proxies for 

school quality, were assigned to properties within catchment areas. A dataset showing incidence of 

crime in 2012 (number of crimes per 1000 residents) were assigned to each neighborhood in Portland to 

serve as a measure of neighborhood safety. Additionally, distance to CBD (central business district), 

representing access to jobs and public services, and population density, as a measure of the urban form 

of the area, are also determinants of property value. The distance from the each neighborhood centroid 

to downtown was assigned to properties to measure distance to CBD. Similarly, the population density 

of each Census block group was assigned to the spatial matched properties.  
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Two key variables are constructed to represent advanced bike facilities2 characteristics at each property: 

distance to nearest advanced bicycle facility and advanced bike facility density within a half-mile radius 

(half-mile is a commonly used buffer zone distance for measuring bike facility accessibility in 

bike/greenways studies (Lindsey et al., 2004a)). The first variable represents the availability and ease of 

access to advanced bike facilities from each property, and the second variable represents the extent of 

the advanced bike facility network around the property. Figure 2 shows the geographic distribution of 

advanced bike facilities in Portland (both distance to nearest facility and density of bike facilities). 

Although properties are, on average, only 0.68 miles (3,602 feet) away from the nearest advanced bike 

facility and have more than 0.74 miles (3,896 feet) of facilities within a half-mile radius, the spatial 

distribution of the bike amenities are not equally spread within the city boundaries, and drop off 

significantly along the edges of the city.  

Transactions which did not accurately reflect actual market value of properties were dropped from the 

ŘŀǘŀǎŜǘΣ ƛƴŎƭǳŘƛƴƎ άŘƛǎǘǊŜǎǎŜŘέ ǘǊŀƴǎŀŎǘƛƻƴǎ ǎǳŎƘ ŀǎ ŦƻǊŜŎƭƻǎǳǊŜǎ ŀƴŘ ǎƘƻǊǘ sales or transactions not 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŀǊƳΩǎ ƭŜƴƎǘƘέΦ Finally, because we will only consider residential properties, including both 

single-family homes (SFH) and multi-family homes (MFH: townhomes or individually owned 

condominiums), all other property types were dropped from the dataset. The distribution and value of 

property transactions by neighborhoods between 2010 and 2013 is shown in Figure 3 below. 

                                                           
2 Given the types bike/pedestrian facilities proposed in the Green Loop concept, we will only consider the impact 
of prioritized bike facilities, which include cycle tracks, buffered or separated bike lanes and Bike Boulevards, on 
property values in order to property characterize the potential impacts of the Green Loop. We will refer to these 
ǘȅǇŜǎ ƻŦ ōƛƪŜκǇŜŘŜǎǘǊƛŀƴ ŦŀŎƛƭƛǘƛŜǎ ŀǎ άŀŘǾŀƴŎŜŘ ōƛƪŜ ŦŀŎƛƭƛǘƛŜǎέ ƛƴ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘ. 
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Figure 2. Distribution (distance to nearest and density) of Advanced Bike Facilities in Portland  

 

 

Figure 3. Distribution and Values of Property Transactions by Neighborhoods (2010-2013) 
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Table 2. Variable Descriptive Statistics 

Variables Average 

(N=21100) 

Single-family Home  

(N=17600) 

Multi -family Home 

(N=3500) 

Sale characteristics 
   

Sale price $314,199 $316,573 $302,264 

Property characteristics 
   

Age of property 59.55 65.46 29.85 

Size of property (sqft) 1625 1721 1140 

AV/RMV ratio 65.33 62.72 78.46 

Neighborhood characteristics 
   

Reading score 75.34 73.31 85.52 

Math score 67.93 65.73 78.99 

Distance to CBD (mile) 4.15 4.45 2.63 

Crime rate per 1000 residents 84.9 70.3 158.8 

Population density 

(person/square mile) 

7481 6835 10731 

Bicycle facility characteristics 

Distance to nearest bike facility 

(feet) 

3514 3723 2463 

Bike facility density  

(feet in half-mile radius buffer zone) 

4012 3693 5613 

 

Table 2 above illustrates the descriptive statistics of our cleaned dataset of property sales between 2010 

and 2013, including variables that describe property, neighborhood and bicycle facility characteristics. 

Overall, residential real estate in Portland sold at an average price of $314,199, with single family homes 

valued at approximately $316,573 and multi-family homes at $302,264, respectively. When compared to 

multi-family homes, single-family homes tend to be older (building age is 65 years on average compared 

to nearly 30 years), larger (1721 sq-ft compared to 1140 sq-ft) and have lower property tax liabilities as a 

percentage of their real market values (RMV). In addition, single-family houses are typically located in 

lower density area further away from the CBD. Multi-family homes are typically located in more central 

locations with better access to advanced on-street bike facilities, both in terms of distance to the 

nearest facility or availability of a denser network of bike facilities. 

Regression Models ς Ordinary Least Square (OLS) 
We first estimated a pooled regression model with properties from both residential types, and found 

that the residential property type (single-family home or multi-family home) significantly influences 

property value. We then proceeded to estimate a restricted model to check for any structural change in 

the determinants of property values for the two different types of homes, and found evidence that 

supports structural change (Chow test - F = 155, p<0.01). This indicates that the determinants of 

property value may affect single-family homes and multi-family homes differently, which may be due to 

ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŎƻƴǎǳƳŜǊǎΩ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ŀƳŜƴƛǘƛŜǎ ŀƴŘ ƴŜƛƎƘōƻǊƘƻƻŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿƘŜƴ ǘƘŜȅ ŀǊŜ ƛƴ 
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the market for SFHs as opposed to MFHs. Therefore, we estimate two separate models ς SFH Model 

(Model 1) and MFH Model (Model 2) ς for the ordinary least squares (OLS) specification.  

Table 3. OLS Regression Model Results  

Variables 
SFH Model 

(Model 1) 

MFH Model 

(Model 2) 

N 17600 3500 

(Intercept) 
50650 *** 

(9503) 

-25750 

(31210) 

Property characteristics   

Age of property 
310 ***  

(35.2) 

-887  ***  

(73.5) 

Size of property 
158 ***  

(1.2) 

322 ***  

(4.5) 

AV/RMV ratio 
-204 ***  

(72.6) 

-805 ***  

(188) 

Neighborhood characteristics   

Reading score 904 ***  

(193) 

1704 ** 

(681) 

Math score 532  ***  

(161) 

-1026 

(656) 

Distance to CBD -22740 *** 

(753) 

-28930 *** 

(2399) 

Crime rate per 1000 -226 ***  

(20.2) 

38**  

(16.3) 

Population density -1.18 *** 

(0.37) 

1.40 *** 

(0.23) 

Bike facility characteristics   

Distance to nearest bike 

facility (feet) 

-0.46 

(0.30) 

-2.63 *** 

(-0.85) 

Bike facility density  

(feet in half-mile buffer zone) 

2.39 *** 

(0.25) 

6.02 *** 

(0.55) 

Sale year (Reference = 2010)  

2011 
-15730 *** 

(2650) 

-10420 

(6548) 

2012 
-3499 

(2538) 

14760 ** 

(6598) 

2013 
29320 *** 

(2470) 

41310 *** 

(6185) 

Adjusted R2 0.669 0.694 

F statistics 2738 611 

(p value) (0.000) (0.000) 

Notes: *** significant at 1% level; ** significant at 5% level; * significant at 10% level. 
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For single-family homes, property values are positively related to the size of the property and age of the 

property, and estimated coefficients are statistically significant at the 1% level. Each additional square-

feet contributed approximately $158 worth of marginal value, while building age contributed $310 for 

each additional year. This may be because older homes in Portland tend to have larger lots with bigger 

yards (which is not captured in other variables in our model), and historical construction and design may 

provide desirable attributes for home purchasers as well. In addition, a single family home with higher 

percentage of property real market value that is assessed property taxes (as indicated through the 

AV/RMV ratio) has a property value that is $204 lower for each percentage point, all else equal. As 

expected, neighborhood characteristics are significant determinants of property values for single family 

homes: homes located in school districts with better reading and math scores in elementary schools are 

more valuable; properties closer to CBD, with easier access to transit and public service, also have higher 

values; neighborhoods with higher population density and higher crime rates tended to have lower 

property values. Bicycle facility characteristic coefficients indicate positive and statistically significant 

effect of availability of advanced on-street bike facilities within a half-mile buffer zone ς each additional 

foot increases property values by $2.39 and proximity to these bike facilities increases values by $0.46, 

after controlling for all other variables, after controlling for other determinants. These results, taken 

together, indicates that consumers who are in the market for SFHs prefer to be both closer to advanced 

bike facilities, and to have access to a dense network of bike facilities. An additional quarter mile3 of bike 

ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǇǊƻǇŜǊǘȅΩǎ ƘŀƭŦ-mile radius buffer zone is estimated to increase SFH property values by 

approximately $3,155 while being a quarter mile closer to the nearest bike facility increases these values 

by $607. Year of sale fixed effects estimates are generally statistically significant.  

For multi-family homes, we found that coefficient estimates were similar to single-family homes for a 

few characteristics, but found that others did not match both in terms of sign (negative or positive) and 

magnitude. Each additional square-feet of space contributed $322 to multi-family home values, and 

each additional percentage point of its AV/RMV ratio negatively impacted values by $805. Multi-family 

home values are positively driven by population density and lower building age, indicating differing 

preferences for this population. It is reasonable to suspect that these properties are usually located in 

mixed-use zones (both commercial and residential) with convenient access to a varieties of activities, 

which is correlated with both higher densities and relatively higher crime rates. Both estimated bicycle 

facility characteristic coefficients are positive and statistically significant. Being an additional foot closer 

to advanced on-street bike facilities results in a $2.63 increase in MFH property values, and an additional 

feet of advanced bike facility density in ŀ ǇǊƻǇŜǊǘȅΩǎ half-mile buffer zone translates to an increase of 

$6.02. ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǉǳŀǊǘŜǊ ƳƛƭŜ ƻŦ ōƛƪŜ ŦŀŎƛƭƛǘƛŜǎ ǿƛǘƘƛƴ ŀ ǇǊƻǇŜǊǘȅΩǎ ƘŀƭŦ-mile radius 

buffer zone is estimated to increase MFH property values by approximately $7,946, and being a quarter 

mile closer to the nearest bike facility increases these values by $3,472.  

For both residential property types, increases in the provision of bike infrastructure in the form of 

advanced bike-priority facilities lead to significant increases in property values. However, this impact is 

of greater magnitude for multi-family homes than for single-family homes. 

 

                                                           
3 Each mile is equivalent to 5280 feet. A quarter mile is equal to 1320 feet. 
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Regression Models ς Spatial Autoregressive Model (SAR) 
Homebuyers and realtors often assess a given property value by referring to prices of nearby sold or 

listed properties (using a comparable sales assessment approach), since properties that are more close 

by are better indicators of how much a property is truly worth (Cellmer, 2013; Conway et al., 2010). This 

is specified in the form of a spatial dependency effect (spatial autocorrelation) and can be included in 

the hedonic property value models in the form of property value correlations with property values of 

homes sold in close proximity. Ignoring this spatial autocorrelation may lead to inefficient coefficient 

estimations in the OLS specification (Conway et al., 2010). Therefore, in this section, we extend the OLS 

regression specification and utilize a spatial autoregressive model (SAR) to control for the spatial 

autocorrelation effect through spatial regression techniques.  

There are two common used spatial models: the spatial lag model, and spatial error model. Spatial lag 

model interprets spatial dependence as consequence of omitted variables. The general spatial lag model 

form is: 

¸ Ґ ˊW¸ Ҍ ·ʲ Ҍ ʶ 

wƘŜǊŜ ˊWY is a spatially lagged dependent variable to represent the omitted variable in regression. p is 

the spatial lag parameter, while W is the spatial weighting matrix representing interaction between 

different locations (Conway et al., 2010). On the other hand, the spatial error model interprets spatial 

dependence as model misspecifications. The general spatial error model form is: 

¸ Ґ ·ʲ Ҍ ˂Wʶ Ҍ Ǿ 

wƘŜǊŜ ǘƘŜ ƻǊƛƎƛƴŀƭ ŜǊǊƻǊ ǘŜǊƳ ŦǊƻƳ h[{ ƛǎ ƳƻŘŜƭŜŘ ŀǎ ŀƴ ŀǳǘƻǊŜƎǊŜǎǎƛǾŜ ŜǊǊƻǊ ǘŜǊƳ ʶ Ґ ˂²ʶ Ҍ ǾΦ ˂ ƛǎ ǘƘŜ 

spatial error parameter, while Wʶ ƛǎ ǘhe spatial error, which should be interpreted as the mean error 

from neighboring locations, and v is the independent model error (Cellmer, 2013; Conway et al., 2010). 

A spatial weighting matrix W is constructed using two specific neighboring methods commonly used in 

the literature: k nearest neighbors (4-nearest neighbors) and specific distance based neighbors (within 

one-mile). This spatial weighting matrix is a representation of which properties are hypothesized to have 

the most impact on the property values at hand: k-nearest neighbors will capture the k nearest 

properties sold while the specific distance based method captures all properties sold within a specified 

circumference. These methods are illustrated in Figure 4 below. Furthermore, the weighting matrix is 

row-standardized for further testing and modeling. 
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Figure 4. Spatial weighting matrix diagrams for two neighboring methods 

LM (Lagrange Multiplier) tests are conducted first to determine the existence of the above described 

spatial dependence in OLS property value model. The technical procedure is attached in Appendix A2. 

The results show significant autocorrelation in both the lag term and error term in both the SFH and 

MFH models. The lag term spatial autocorrelation was stronger in the SFH model (Model 1), while the 

error term spatial autocorrelation was stronger for the MFH model (Model 2). In order to avoid 

overestimation of coefficients within the OLS property value model due to spatial autocorrelation, we 

proceed with a spatial lag model for SFHs (Model 3) and a spatial error model for MFHs (Model 4) using 

the 4-nearest neighbors weighting matrix method.4  

Compared with the OLS models, the coefficients from spatial autoregressive models are smaller in 

magnitude, following the hypothesis that the OLS property value models tend to produce 

overestimations in the effects of variables on property values. By introducing spatial autocorrelation 

terms, the new estimated coefficients from Models 3 and 4 are more reliable, and we observe 

improvements in overall model fit as well. Similar to the OLS specifications, we see positive impacts of 

property size on property values and negative (although smaller) impacts remained for AV/RMV ratios 

for both SFHs and MFHs. Single family home property values increased with age ($135 per year) while 

multi-family property values decreased with age ($582 per year). Neighborhood characteristics impact 

                                                           
4 Statistical tests showed better results with the 4-nearest neighbors method compared to the within one-mile 
distance neighbors method.  












































































































